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Recent developments in GISAXS and GISANSnanobeams and in-situ kinetic investigations
Peter Muller-Buschbaum TU Munich, Physics department E13, James-Franck-Str. 1, Garching, Bavaria, 85747, Germany, E-mail muellerb@ph.tum.de
Grazing incidence small angle scattering with x-rays (GISAXS) and neutrons (GISANS) are advanced methods to probe structures from the molecular level up to micrometer scale [1]. The grazing incidence condition enables a tunable surface sensitivity and thus to distinguish surface from volume structures in thin films. With microand nano-beams a local structure becomes accessible. Comparable to scanning probe techniques, the combination of small x-ray beams with scanning of the sample position relative to the beam allows for probing position dependent structures. Beam size, step size and resolution are relevant experimental parameters in terms of characterization of areas, domains. In-situ kinetic investigations allow to access the observation of morphological changes in thin films. Within this presentation several examples are discussed to demonstrate the actual possibilities of these techniques.
[1] P. Muller-Buschbaum: Structure determination in the thin film geometry using grazing incidence small angle scattering; in Polymer Surfaces and Interfaces: Characterization, Modification and Applications, edt. M. Stamm, p. 17-46, Springer Berlin, ISBN-13: 978-3-540-73864-0 (2008) For recording specular X-ray reflectivity curve on the subsecond to millisecond timescales, the entire profile of the reflectivity curve of interest is measured with the geometry shown in the figure. A horizontally convergent X-ray beam which has a one-to-one correlation between its direction and energy is realized when a quasi-parallel white X-ray beam is incident on and diffracted by a curved crystal. The X-ray beam is then incident on the surface of the C16 specimen placed at the focus in a geometry that the glancing angle in the vertical direction is the same for all the X-ray components, and they are reflected in the vertical direction by the surface and diverge in the horizontal plane. The perpendicular momentum transfer, given by q=4πsinθ/ λ, continuously changes as a function of the ray direction even with the fixed glancing angle θ since the wavelength (energy) λ changes. The X-ray intensity distribution across the beam direction measured downstream of the specimen using a o n e -d i m e n s i o n a l detector represents the X-ray reflectivity curve. Some results of static and dynamic measurements will b e r e p o r t e d , a n d the characteristics and potentials of the method will be discussed.
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Structural characterization using the multiple scattering effects in GISAXS The multiple scattering effects present in grazing-incidence smallangle X-ray scattering (GISAXS) data and interference between them are addressed theoretically as well as experimentally with measurement of a series of patterns at different incident angles, referred to as `incident-angle-resolved GISAXS' (IAR-GISAXS). X-ray reflectivity (XR), GISAXS and IAR-GISAXS of virus particles on Si-substrate supported-polystyrene films have been measured and compared. It was found that under certain conditions it is possible to extract the correct structural features of the materials from the GISAXS/IAR-GISAXS data using the kinematic SAXS formalisms. Furthermore, the Kiessig fringes in GISAXS enable the measurement of the average distance between the particle and the substrate, similar to the measurement of film thickness using the fringes in the XR data.
